
US 20090154773Al 

(12) Patent Application Publication (10) Pub. No.: US 2009/0154773 A1 
(19) United States 

Pickering et al. (43) Pub. Date: Jun. 18, 2009 

(54) METHOD AND SYSTEM FOR REDUCING 
THE COST OF SAMPLING A MOVING 
IMAGE 

(75) Inventors: John B. Pickering, Winchester 
(GB); Philip G. Wiloughby, 
Southampton (GB); George M. 
Blue, Southampton (GB) 

Correspondence Address: 
SCULLY, SCOTT, MURPHY & PRESSER, RC. 
400 GARDEN CITY PLAZA, SUITE 300 
GARDEN CITY, NY 11530 (US) 

(73) Assignee: INTERNATIONAL BUSINESS 
MACHINES CORPORATION, 
Armonk, NY (US) 

Related US. Application Data 

(63) Continuation of application No. 11/955,174, ?led on 
Dec. 12, 2007, noW Pat. No. 7,489,334. 

Publication Classi?cation 

(51) Int. Cl. 
G06K 9/00 (2006.01) 
H04N 5/228 (2006.01) 

(52) U.S. Cl. ............. .. 382/107; 348/222.1; 348/E05.031 

(57) ABSTRACT 

An energy-e?icient and cost-reducing method and system to 
enable the successful sampling of a moving image are dis 
closed. The method and system use movement detection and 

(21) App1_ NO_; 12/256,523 analysis Within a feedback loop to control subsequent sensor 
movement/lighting/radiation for control of future sampling 

(22) Filed: Oct. 23, 2008 of the image. 

I_I / \ 

IMAGE 
CAPTURE 

IMAGE CAPTURE DEWCE J1“) 
12D 

COLLECT UPDATE 
FRAMES SAMPLING ETC. 

I70 
PARAMETER 

RESET 

IMAGE BUFFER I 
I30 

\ N+3 
IDENTIFY AND 

N+1 PREDICT MOTION 
N 

CHECK FOR 
FRAME TO FRAME 

CHANGE 
ESTABLISH OBJECT 

PRIORITY AND 
SENSITIVITY 

IMAGE PROCESSING UNITS 



Patent Application Publication Jun. 18, 2009 Sheet 1 0f 2 US 2009/0154773 A1 

USE LOW-COST 
SAMPLING/ CAPTURING 

_"—" METHOD ‘WW 

(STEP 10) 

ANALYZE LOW-CO ST 
SAMPLIN G/ CAPTURING 

RESULT 

USE HIGH-COST 
AREA OF SAMPLIN G/ CAPTURING 
INTEREST METHOD 
IDENTIFIED 0N AREA OF INTEREST 

(STEP 14) (STEP 16) 

NO 

FIG. 1 



Patent Application Publication Jun. 18, 2009 Sheet 2 0f 2 US 2009/0154773 A1 

i_| / \ 

IMAGE 
GAPTuRE 

IMAGE GAPTMRE DEWCE Jm 
I20 

COLLECT UPDATE 
FRAMES SAMPLING ETG. 

170 
PARAMETER 

RESET 

IMAGE BUFFER 
I30 

\ N+3 
IDENTEFY AND 

N+1 PREDICT MOTION 
N 

CHECK FoR 
FRAME TO FRAME 

CHANGE 
EsTABMsI-I OBJECT 

PRIGRITY AND 

sEAIsITIvITY 140460 

IMAGE PROCESSING IIMTs 
FIG. 2 



US 2009/0154773 A1 

METHOD AND SYSTEM FOR REDUCING 
THE COST OF SAMPLING A MOVING 

IMAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a US. continuation application 
Which is ?led under 35 U.S.C. 111(a) and claims the bene?t 
under 35 U.S.C. 120 of an allowed US. patent application 
(US. patent application Ser. No. 11/955,174), ?led on Dec. 
12, 2007, the entire contents of Which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Fields of the Invention 
[0003] The present invention relates generally to surveil 
lance systems and more particularly to an image sensor, a 
motion image sensor, and improved, cost-effective image 
analysis and motion image analysis methods. 
[0004] 2. Description of the PriorArt 
[0005] Generally, in many imaging systems implemented 
for detecting moving objects in an image ?eld, there is a cost 
associated With sampling parts of the image. This cost 
includes but is not limited to: 

[0006] a. A cost in energy in irradiating the subject, e.g. 
electricity bill for lighting; 

[0007] b. A cost in damaging the subject, for instance, 
high exposure to X-rays With ?uoroscopy; 

[0008] c. A cost in being detected, Which might apply in 
certain security applications, Where it is desired to Want 
someone not to knoW if they are being observed; 

[0009] d. A cost in sensor time Where the sensor has to be 
physically moved, and hence time is Wasted by sampling 
uninteresting areas; and, 

[0010] e. A cost in sensor time Where an image sensor 
device requires time to reset betWeen sampling. 

[0011] In any moving image, there are typically areas of 
interest and areas that are not of interest. Traditional imaging 
systems expend the same amount of cost to sample all areas of 
the image. When an image comes to be stored on a non 
volatile medium, the moving image Will typically be com 
pressed. Compression reduces the amount of data to be 
stored, but it does not remove the cost of making the image in 
the ?rst place. 
[0012] Jonas Nilsson in the Work entitled “Visual Land 
mark Selection and Recognition for Autonomous Unmanned 
Aerial Vehicle Navigation”iMaster’s degree project, The 
Royal Institute of Technology, SWeden, 2005, (hereinafter 
Nilsson)4disclosed image analysis methods that aim at 
enhancing the performance of a navigation system for an 
autonomous unmanned aerial vehicle. Nilsson investigates 
algorithms for the selection, tracking and recognition of land 
marks based on the use of local scale invariant features. For 
example, Nilsson disclosed the af?ne tracker algorithm com 
bined With Kalman ?lters to track an object in an image plane. 
Nilsson further discloses a landmark recognition algorithm 
that has the capability of recogniZing landmarks despite the 
presence of noise and signi?cant variation in scale and rota 
tion. The performance of the landmark recognition algorithm 
alloWs for a substantially reduced sampling rate but the uncer 
tainty of the landmark location results in larger image search 
areas and therefore an increase in the computational burden. 
That means the landmark recognition algorithm is more suit 
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able for stable (i.e. unchanging) image regions than for 
unstable (i.e. changing) image regions. 
[0013] Therefore, it Would be highly desirable to provide a 
method, system and program storage device for minimiZing 
the cost in monitoring a visual space (i.e. everything that a 
camera sees). 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to a system, 
method and program storage device for minimiZing image 
sampling costs in monitoring an area, eg visual space. The 
system and method utiliZe motion detection and estimation 
techniques Within a feedback loop to control the subsequent 
sampling method. 
[0015] In the method of the invention, the folloWing steps 
are performed: 

[0016] a. Obtaining image frames and feeding the image 
frames to a computer to be analyZed. 

[0017] b. The computer uses image analysis softWare to 
identify an area of interest and areas that might become 
of interest. This may be done by comparing a number of 
frames against a threshold value or against a reference 
frame. These could be, for example, areas Within the 
visual space Where movement has been detected. 

[0018] c. The computer provides information to the 
imaging system that alloWs it to optimiZe hoW future 
frames are sampled in such a Way as to reduce the cost. 

[0019] d. Repeating the operations in the steps a to c. 
[0020] In one embodiment, the present invention includes a 
program storage device, readable by machine, embodying a 
program of instructions executable by the machine to perform 
method steps for minimiZing costs associated With use of an 
image sensor device, the method steps comprising: 
[0021] (a) monitoring a visual space using the image sensor 
device in a loW-cost sampling mode of operation and gener 
ating monitored frames using the loW-cost sampling method; 
[0022] (b) providing a datastream including the monitored 
frames to a computer device to be analyZed; 
[0023] (c) performing a motion estimation technique, said 
motion estimation technique comprising an edge detection 
technique and a texture analysis; 
[0024] (d) based on said edge detection technique and said 
texture analysis, identifying an object, said edge detection 
determining Which part of the visual space belongs to the 
object, said texture analysis determining a texture of the 
object; 
[0025] (e) based on said identifying said object, determin 
ing Whether the object is animate or inanimate; 
[0026] (f) checking for frame-to-frame change Within the 
datastream to determine a movement of said object in the 
visual space; 
[0027] (g) based on the object movement and the determi 
nation of Whether the object is animate or inanimate, estab 
lishing object priority and sensitivity to identify an area of 
interest Within the visual space; and 

[0028] (h) When the area of interest is identi?ed by the 
loW-cost sampling method, replacing the loW-cost sampling 
method by a high-cost sampling method to monitor and ana 
lyZe the identi?ed area of interest closely and generating 
monitored frames using the high-cost sampling method on 
the identi?ed area of interest, the high-cost sampling method 
comprising one or more of: Zooming in on an identi?ed pri 
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ority object, increasing an illumination of the identi?ed pri 
ority object, and increasing an irradiation of the identi?ed 
priority object. 
[0029] Both the foregoing general description and the fol 
loWing detailed description are exemplary and explanatory 
only and are not restrictive of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The accompanying draWings are included to pro 
vide a further understanding of the present invention, and are 
incorporated in and constitute a part of this speci?cation. The 
draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings, 
[0031] FIG. 1 shoWs a basic process How of the present 
invention. 
[0032] FIG. 2 shoWs a detailed overvieW of the process 
steps employed by the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] FIG. 1 provides an overvieW of the novel system and 
technique for controlling the sampling method. As shoWn in 
FIG. 1, at the ?rst step 10, a loW-cost sampling capture 
method is employed. “LoW-cost” here refers to the reduced 
energy consumption of an imaging system and/or the reduced 
output radiation level of an imaging system. This method, for 
instance, may employ a low-resolution, black-and-White 
camera for image sampling. Successive frames are captured 
and stored in a memory storage device associated With a 
computer system. At step 12, the images are examined to 
establish What can be inferred about the image content using 
the loW-cost sampling approach. This Will be expanded in 
further detail hereinbeloW in FIG. 2. Such analysis decides 
Whether or not a signi?cant change of image content has been 
identi?ed as indicated at step 14. At step 14, a determination 
is made from the image content as to Whether an area of 
interest (i.e. an area shoWing an object movement) has been 
identi?ed. If not, then image capture continues using the 
loW-cost method. If, on the other hand, there are areas of 
interest identi?ed at step 14, then image capture is dynami 
cally sWitched to use a high-cost sampling method as shoWn 
at step 16. “High-cost” here refers to increasing an image 
sampling rate, Zooming in on an identi?ed priority object, 
increasing a resolution of obtained image, increasing an illu 
mination of the identi?ed priority object, increasing an irra 
diation of the identi?ed priority object, and/or using image 
enhancement technologies such as the use of color and dif 
ferentiation techniques. The general loop at step 10 to step 
14/16icapturing/sampling one or more images, examining 
them to identify the presence or absence of useful or interest 
ing information, optional image capture/sample settings 
modi?cation, and image capture/sample againiis repeated 
inde?nitely until no more image capture/ sample is required. 
[0034] FIG. 2 depicts a more detailed process How diagram 
depicting the examination stage of the process. An image 
capture device 110 such as a camera, a digital camera, a video 
recorder, a CCD (Charge-Coupled Device) camera, and the 
like is used Which collects digital images and Which can be 
con?gured for the folloWing: 
[0035] sampling rate: that is hoW often an image is captured 
(frequency); and image resolution (the number of pixels, for 
example, to a given physical area); 
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[0036] radiation: that is the intensity of image capture (light 
saturation; X-Ray dosage; level of exposure; and so forth); 
and 
[0037] focus: Whether or not an image is to be taken Zoom 
ing in on or Zooming out from a speci?c area. 
[0038] Images are captured by an image capture device 110 
at step 120 and passed on to a central processing device (not 
shoWn). This may comprise a continuous datastream of 
images in, for instance, a surveillance system; Where other 
technology is deployed (such as motion detectors), then 
image capture may be disabled and (re-)enabled as appropri 
ate. In the latter case Where the image capture is (re-)enabled, 
at startup, then a set of images may ?rst need to be collected 
to bootstrap the process. 
[0039] As images are captured and passed to the central 
processing device, they are stored in an image buffer as shoWn 
at step 130 so that they can be compared With each other as 
detailed beloW by the image processing modules 140 to 160 
Where, at module 140, object priority and sensitivity is estab 
lished; at module 150, frame to frame changes (i.e., compar 
ing the Nth frame With the N-lth frame Within a datastream) 
are checked; and, at module 160, motion is identi?ed and/or 
predicted. 
[0040] Any surveillance system using visual imaging Will 
be able to establish What the background is and to have 
variants of this background to accommodate changes such as 
may be caused by Weather and time of day. Using this back 
ground information, it is possible to establish (through image 
subtraction) areas in the image, Which need more attention, 
because they shoW priority additions to the image. 
[0041] More particularly, the image is automatically 
revieWed at step 140 to identify Whether there are animated 
objects in the frame, or objects Which may be particularly 
sensitive to light or radiation of any type. This may be per 
formed using one or more motion detection techniques, 
including but not limited to standard edge detection and tex 
ture analysis techniques. The edge detection establishes 
Which part of visual spaces belongs to the same object. Tex 
ture detectors are used to establish a texture (such as smooth, 
rough, soft, hard, etc) of the object. Based on the edge detec 
tion and texture analysis, the object is identi?ed in a rough 
term as, for example, a bird, a person, a car, etc. Based on the 
rough identi?cation, a determination is made as to Whether 
the object is animate or inanimate. A decision on Whether the 
sensitivity of surveillance needs to be increased or not is 
decided based on the animate/inanimate distinction (i.e., is 
more light necessary?; can radiation be applied?). At this 
stage, information is retained and used in conjunction With 
the next stages to modify default parameter reset actions 170. 

[0042] At step 150, a number offrames, (N, N+l . . .N+M) 
are used to establish Whether there are any frame-to-frame 
changes Within a datastream by comparing the frames cap 
tured during current monitoring. At the simplest level, this 
may be a simple delta calculation averaged over the M 
frames: values above a con?gurable threshold are identi?ed 
as containing signi?cant change. The process is then repeated 
but With localiZed areas in the images to localiZe the part or 
parts of the image Which are detected as changing, using one 
or more motion detection techniques. The amounts of change 
as Well as location are stored and passed on to modify the 
parameter reset at step 170. 
[0043] Finally, at step 160, movement is determined and 
?agged With speed and direction. This can be done by looking 
at localiZed differences determined at step 150 Where general 
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shape integrity has been maintained betWeen images. Com 
paring successive images and the progression of a similar 
shape across the images indicates speed and direction of 
object movement. 
[0044] From these analyses, characteristics concerning the 
nature of objects in the image are determined at module 140; 
hoW and Where the images are changing are determined at 
module 150; rate and direction of the change are determined 
at module 160. Taking these together, the process then deter 
mines: 
[0045] position of local area (i.e., location is determined at 
module 150; speed and direction used to predict location in 
next M frames are determined at module 160.) 
[0046] Whether the image capture device should Zoom in to 
a local area (i.e., at module 150, Whether location remains 
static and Whether quantity of change is high are checked); 
[0047] Whether to increase illumination and/or irradiation 
(i.e., at module 140, Whether an object can be subject to 
higher exposure is checked; at module 150, image quality is 
checked; at module 160, Whether rate of change is high is 
checked.) 
[0048] Factoring these determinations together enables a 
re-con?guring and/ or resetting of the parameters 170 at the 
image capture device 110 before image capture 120 contin 
ues. 

[0049] In an example implementation, the present inven 
tion is used as a security camera system: a camera is used to 
monitor a visual space for security purposes. During the 
night, the image is not so clear, so an infrared lamp is provided 
to illuminate the visual space. It is expensive to illuminate the 
visual space all night. The present invention can be used to 
monitor a dark image for movement. A system can be pro 
grammed to ignore certain kinds of movement, for instance, 
tra?ic on a distant road and to detect abnormal movements. 
When an abnormal movement is detected, the infrared light is 
automatically sWitched on. If the light beam can be steered, 
then it is pointed at the area of movement. This provides a 
clearer image of the area Where the movement occurred or is 
occurring. The system may additionally alert a security guard 
to the availability of an image of probable signi?cance. 
Should the movement simply have come from an animal, for 
example, then a picture of the animal is recorded. Should the 
image be of an unidenti?ed intruder, then the image recorder 
is Well lit and Will be of use in identifying the intruder. 
HoWever, the present invention achieves this Without lighting 
the Whole area for the entire night. 
[0050] Although the embodiments of the present invention 
have been described in detail, it should be understood that 
various changes and substitutions can be made therein With 
out departing from the spirit and scope of the inventions as 
de?ned by the appended claims. Variations described for the 
present invention can be realiZed in any combination desir 
able for each particular application. Thus particular limita 
tions, and/or embodiment enhancements described herein, 
Which may have particular advantages to a particular appli 
cation need not be used for all applications. Also, not all 
limitations need be implemented in methods, systems and/or 
apparatus including one or more concepts of the present 
invention. 
[0051] The present invention can be realiZed in hardWare, 
softWare, or a combination of hardWare and softWare. A typi 
cal combination of hardWare and softWare could be a general 
purpose computer system With a computer program that, 
When being loaded and executed, controls the computer sys 
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tem such that it carries out the methods described herein. The 
present invention can also be embedded in a computer pro 
gram product, Which comprises all the features enabling the 
implementation of the methods described herein, and 
WhichiWhen loaded into a computer systemiis able to 
carry out these methods. 
[0052] Computer program means or computer program in 
the present context include any expression, in any language, 
code or notation, of a set of instructions intended to cause a 
system having an information processing capability to per 
form a particular function either directly or after conversion 
to another language, code or notation, and/or reproduction in 
a different material form. 
[0053] Thus the invention includes an article of manufac 
ture Which comprises a computer usable medium having 
computer readable program code means embodied therein for 
causing a function described above. The computer readable 
program code means in the article of manufacture comprises 
computer readable program code means for causing a com 
puter to effect the steps of a method of this invention. Simi 
larly, the present invention may be implemented as a com 
puter program product comprising a computer usable 
medium having computer readable program code means 
embodied therein for causing a function described above. The 
computer readable program code means in the computer pro 
gram product comprising computer readable program code 
means for causing a computer to effect one or more functions 
of this invention. Furthermore, the present invention may be 
implemented as a program storage device readable by 
machine, tangibly embodying a program of instructions 
executable by the machine to perform method steps for caus 
ing one or more functions of this invention. 
[0054] It is noted that the foregoing has outlined some of 
the more pertinent objects and embodiments of the present 
invention. This invention may be used for many applications. 
Thus, although the description is made for particular arrange 
ments and methods, the intent and concept of the invention is 
suitable and applicable to other arrangements and applica 
tions. It Will be clear to those skilled in the art that modi?ca 
tions to the disclosed embodiments can be effected Without 
departing from the spirit and scope of the invention. The 
described embodiments ought to be construed to be merely 
illustrative of some of the more prominent features and appli 
cations of the invention. Other bene?cial results can be real 
iZed by applying the disclosed invention in a different manner 
or modifying the invention in Ways knoWn to those familiar 
With the art. 

What is claimed is: 
1. A program storage device, readable by machine, 

embodying a program of instructions executable by the 
machine to perform method steps for minimiZing costs asso 
ciated With use of an image sensor device, the method steps 
comprising: 

(a) monitoring a visual space using the image sensor device 
in a loW-cost sampling mode of operation and generating 
monitored frames using the loW-cost sampling method; 

(b) providing a datastream including the monitored frames 
to a computer device to be analyZed; 

(c) performing a motion estimation technique, said motion 
estimation technique comprising an edge detection tech 
nique and a texture analysis; 

(d) based on said edge detection technique and said texture 
analysis, identifying an object, said edge detection 
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determining Which part of the visual space belongs to the 
object, said texture analysis determining a texture of the 
object; 

(e) based on said identifying said object, determining 
Whether the object is animate or inanimate; 

(f) checking for frame-to-frame change Within the datas 
tream to determine a movement of said object in the 
visual space; 

(g) based on the object movement and the determination of 
Whether the object is animate or inanimate, establishing 
object priority and sensitivity to identify an area of inter 
est Within the visual space; and 
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(h) When the area of interest is identi?ed by the loW-cost 
sampling method, replacing the loW-cost sampling 
method by a high-cost sampling method to monitor and 
analyZe the identi?ed area of interest closely and gener 
ating monitored frames using the high-cost sampling 
method on the identi?ed area of interest, the high-cost 
sampling method comprising one or more of: Zooming 
in on an identi?ed priority object, increasing an illumi 
nation of the identi?ed priority object, and increasing an 
irradiation of the identi?ed priority object. 

* * * * * 


